Introduction
Round bars are generally used to transmit power from one component to another (Carpinteri, 1992; 1993) . These components are subjected to fatigue stresses which can cause mechanical damage and premature failure. The initiation of fatigue cracks on the surface is usually due to mechanical defects, such as notches (Alshoaibi and Ariffin, 2006; Alshoaibi e l a/., 2007; lsmail e l al., 2011) and metallurgical defects (Cray e l al,, 1985) . In service, a rotating shaft is generally subjected to a combined loading due to its self-weight, which induces a bending moment, and torsion loadings. In fact, any arbitrary shapes ofcrack initiation may grow and take a semi-elliptical shape (Lin and Smith, 1997 (Raju and Newman, 1986; Carpinteri, 1992; Fonte and Freitas, 1999; Carpinteri et a / , 2006; Mahmoud:2007) . However, the calculation of SlFs for bars subjected to Mode Ill loadings and that of SlFs under combined loadings, such as bending and torsion, have rarely been studied (Fonte and Freitas, 1999; Shahani and Habibi, 2007) .
Therefore, the aim of this study was to obtain the SIFs for semi-elliptical surface cracks subjected to a bending moment, a torsion moment and the combination of bending and torsion loadings. This work was also carried out to investigate whether the SlFs from different modes could be explicitly combined using the superposition or equivalent SIF methods. The resulls from these methods were compared with the SIF (Fig. 12c) , where the combined SIFs, F '~,~.~~~, were almost in agreement with each other.
Conclusions
FEA were performed f o r semi-elliptical surface cracks in round bars under combined torsion and bending loadings. N o published solutions were found to calculate the normalized SIFs, especially under the combined loadings. It h a d been assumed that the SIFs could be directly combined. Based on the findings of this study, the direct S I F combinations were rather questionable and inappropriate when different modes were involved, when compared with F E A results. T h e discrepancies in the results between the explicitly combined S l F s and the SIFs obtained using F E A were due to the different crack opening mechanisms shown by the deformed meshes, in which the crack faces were closed under pure torsion. T h e crack faces were opened under combined loadings even in the presence of torsion moments. T h e opening crack faces under the, combined loadings increased the relative node distances. A N S Y S then used these relative distances to calculate t h e SIFs. A s a result, a higher F*FE w a s obtained, relative to t h e F '~~ due to the different mechanisms of crack deformation.
